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Abstract of WO9949504 

A projection exposure method capable of keeping 
a liquid (7) filled between a projection optical 
system (PL) and a wafer (W) even while the 
wafer (W) is being moved when a liquid 
immersion method is used to conduct an 
exposure, wherein a discharge nozzle (21a) and 
inflow nozzles (23a f 23b) are disposed so as to 
hold a lens (4) at the tip end of the projection 
optical system (PL) in an X direction. When the 
wafer (W) is moved in a -X direction by an XY 
stage (10), a liquid (7) controlled to a preset 
temperature is supplied from a liquid supply 
device (5) via a supply pipe (21 ) and the 
discharge nozzle (21a) so as to fill the portion 
between the lens (4) and the surface of the wafer 
(W) and the liquid (7) is recovered from the 
surface of the wafer (W) by a liquid supply device 
(6) via a recovery pipe (23) and the inflow 
nozzles (23a, 23b), the supply amount and 
recovery amount of the liquid (7) being regulated 
according to a moving speed of the wafer (W). 
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(57) Abstract 



A projection exposure method capable of keeping a liquid (7) filled between a projection optical system (PL) and a wafer (W) even 
while the wafer (W) is being moved when a liquid immersion method is used to conduct an exposure, wherem a discharge nozzle (21a) and 
inflow nozzles (23a, 23b) are disposed so as to hold a lens (4) at the tip end of the projection optical system (PL) in an X direction. When the 
wafer (W) is moved in a -X direction by an XY stage (10), a liquid (7) controlled to a preset temperature is supplied from a liquid supply 
devSe (5) via a supply pipe (21) and the discharge nozzle (21a) so as to fill the portion between the lens (4) and the surface ^of the wafer (W) 
and me liquid (7) is recovered from the surface of the wafer (W) by a liquid supply device (6) via a recovery pipe (23) and the inflow nozzles 
(23a, 23b) the supply amount and recovery amount of the liquid (7) being regulated according to a moving speed of the wafer (W). 



BNSDOCID <WO 9949S04A1_I_> 



(57)g#& 

p^fc&i^^ (pl) t^xA (w) toimizmfc (7) zmrzLm 
n^z.t^x^^^mm^mxh^o tk&yt^m (pd o^sksp© 
u>X (4) sxifrinifcfttriSfcftUiy x;u (2 1 a) 

(2 3 a, 2 3b) tZ^W^Zo XY7f-y (10) taoT^X 
A (W)^&-X^iRilc»»S1i:*IKfc, ft^MSt (5) i^Mf 

(2 1) &tf#fflyX;U (2 1 a) gr^UTBff^oaftKnaESnfctt 
#: (7) €:U>X (4) fc^IA (W) ^® <h <7D M ^IfctJ: 5 fcttlfc 
U (6) Idcfc 9[e|iK« (2 3) J&ZSmx;X)l (2 3 a, 

2 3b) ^frbt^IA (W) ±*>£«# (7) ^iHliRf^o C7XA 

(W) 0»»a«»3«i:T«8cft: (7) ©«|&*RtJClHlJR*©«aE*fT-5 0 



A L TA"<=-T 

AM Ttv*—T 

at ^hyr 

AU ^h7l)7 

az r^w^-r^+v 

BA #X-T • ^yx^ft 
BB 

B E '</l'*r— 

BF '7rV 

BC rfiVUVT 

B J ^> 

BR ^7V?/V 

BY ^<9A^*> 

CA 

CF 

CG =»>=r— 
CH 

C! =— hv?2tfT—/t- 

CM > 

CN •PS 

CR aX^.'JA 

CU 

CY 

CZ ^5>=» 
OE 

DK -r ^ 



DM 




KZ 


EE 




LC 


ES 




L I 


F I 




LK 


FR 




LR 


GA 




LS 


GB 




LT 


GD 




LU 


GE 




LV 


GH 




MA 


GM 




MC 


GN 




MD 


GW 




MG 


GR 




MK 


HR 






HU 




ML 


I D 




MN 


I E 




MR 


I L 




MW 


I N 




MX 


! S 




NE 


I T 




N L 


J P 




NO 


KE 




NZ 


KG 




PL 


KP 




PT 


KR 


tea 


RO 



*1f7^^V RU 

-tr>- YiV*sT SD 

Sltf^a^^ SE 

* y • ^ s g 

y-<yr s i 

uyh sk 

y 7 S L 

/U^-fe^^W^ SN 

7h^7 SZ 

-=t-o y =3 TD 

TG 

^K!/7 TJ 

Tytf^x/i" tz 

K^TIB^— ^7^7 TM 

#*DS TR 

^y TT 

^>=f^ UA 

y*-r UG 

•^^•>-f us 

uz 

— V*— VN 

yu 

y— za 

=.3— • $?— 7>K ZW 

A — -v—T 



Z*> n f7*3L— T 
2KB 



BNSDOCID: <WO 9949504A1_I_> 



WO 99/49504 



PCT/JP99/01262 



1 

m m m 

5 

#3S93Wu mxiz, ¥m&m=?> rnmm^- (ccDf) , m^n^ 
g t v x ^ /i ^ - > £ j&^tt <z> g£ ± k e ^-r * ffl ^ e> n * at* 
10 Rxsmwizm-fZo 

LT, ^Ift^ffitcD^fe&Ste* K r I/ — if© 2 4 8 nmT& 

25 SCSfifiWA r Fl*'>7U-f© 1 9 3 nmfe^ffl{fc$n^ 



BNSOOCID: <WO. 



_9949504A1J_> 



WO 99/49504 



2 



PCT/JP99/01262 



myt&ftz>mz\t* mmmtmmizm&mm cdof) $>m^ 

R= k . • A/NA ( l ) 

<5 = k 2 • A/NA 2 (2) 

Attftftiftft, NA(»^l©Hn|[, k, , k 2 «i/ 
D-fe*«RT**. (1) (2) 5£j;0, *ftftR*»«&Sfcfcfc. 

ft) fcfc*C£*fl«LT#ftft*fl±-r*£ftfc, *A*ft&*Jnffi 



WO 99/49504 



PCT/JP99/01262 



^0J(:<t^Il(D^IO^tt> l^t'-ATTX^ (R) &RB 
15 ^©77^ (R) CDA^-^&I^^ (PL) ?:^bTlt 

(w) ±tciE^rsfi:^«3t^ffi^43ViT, ^omm. cw) srm^fsi 

K?o^T*£EJj£i*3 8§UC, (PL) ©f©Si (W) #J 

<D^m=f- (4) O^ifOli (W) CD«It©B*«fctJ;5 
{3, ^Olt (W) <D&W}J5ft\Zft?Tmfe<Dmfc (7) SdrT^-SK 
20 >fct>©T45. 

(PL) tf>$fc$ffigB<i:S1£ (W) <h©H#^©^#T«fc3tl 

25 Tttnf&tjE^s. &fz. *<Dmfa&mfeJjfaizm^T&m2-&z>mz. 



BNSDOCIO. <WO. 



_8949S04A1J_> 



WO 99/49504 



PCT/JP99/01262 



«8Wfc«fc*»l©S#*tt&1ltt, i^b-ATTX^ (R) 
5 ft fl8W (R) ©/^->*JS«3W3ft (PL) ^UT 

sis cw) ±fcH6^*r*a«at3ts«K:*^T» ^<^s& cw> 

LT»ftSf5i«7f-^ (9, 1 0) (PL) 
(D^r(DmU (W) ffiH©^*^ (4) ©$te»8B£*©S« .(W) <D^t® 
iiOWft^lfc-r.k'Stc, «i&ffl©iB« (2la) ft^ VTffifeJjfa\zfc 

io otstje©** (7) $Mr«i#M&i (5) £, *<omi&m<D 

Mm (2 1a) £#lZ^(Dffij£Jjfa\z^<Dmyt\l-/±<DmMMi&$:iktS 

ji'DizmnztittmmmnM (2 3 a, 2 3b) ^^n^st 

(W) OgI^e>-?-0l# (7) ft@iK-r^^^:|a]iIX^S (6) <hftW 

u foii^f-s; (9, i o) zmmLT^tomw. (w) ft^-oDm 

15 S^[S]i:f^T^i$t^^i;, ^©^#: (7) <D^^SUC|HliRftfT^ 
fOl^OMfflOEf (2 1a) R^m^OieW (2 3 a, 

20 2 3b) §116^:18 0° m&\sitmma>t&2a>ijit<DKtom<Dm* 

(2 2 a) , RZf&mm<Dmm (2 4a, 2 4b) &mtZ>Z£J)m£ 
L-^„ S1£ (W) &^<Dmfe<Djjfa£Ktt<Dj5fa\Z&m-t2> 

mziz, &%(d ift<Dm { g%m^z>z£~c. ^(D&myt^m (pd <d 

9c^£^(Dmm (W) £0)113 (7) \Z£V^3£\ z m 

25 £L^tt£ d£:7^T££ 0 

^-CDStm^gte^T^ (R) tS« (W) £&*r<D&&yt 



BNSDOCID: <WO 9949504A1J_> 



WO 99/49504 



PCT/JP99/01262 



(pl) \zm VTftM&W)isxmyt&?T?7£&®ytm-z&2>m'£* 

igl^^feiltTtOfiMf^ (PL) o^- 
(D^^ (W) flijCDft^Si^ (4) <0$fcJKgB<!:-£-a>£fc (W) (D^mt(D 

1 a) Rtf#fflffl<Z)iB« (23a, 23 b) 3 1 *K X 

li2**<Z)#*&ffl0>iB* (2 7 a) , Rtf <Dffi« (2 9 a, 2 9b) 

10 &f&ttfZ>Z.t&M.&ls^o Z\<Dm&. (W) ^^(DffifeCDjj&UzW. 

ZZ'T&Jj&UzX'ryZf&WiZ'&Zffilzb. ^<D&&yt¥& (PL) <D9b 
(W) (D^® tOM€:*©*# (7) iCfcOffifcLttt* 

15 Rt/lHli|X*^iSSTSSiJ1W^ (14) S;ft5It^S*l^. SP^» 

< J t<D&&ft¥& (PL) <D9ct%ffl£^:<Dmm (W) ©^ffitorat — 

20 %.Tz. ^©s^ (w) ©«iiii:fti&sn**ott«: (7) \ts -mt 
isTififeoumizmmzntzm** x«-7y£^i&i4i£#T&5. c 

WkifeWH^^i. ^<Dmw (7) ^fimiwsEsnT^sfc«>, 

25 (W) (Dj»*3R*B5<Ci:3&<T*S. -^©ifcttttSft t*- A fCttT 51 



RNRDOCIO: <wo 



994S504A1_I_> 



WO 99/49504 



PCT/JP99/0I262 



(r) izmm-tzmmg: en "twxwnf-xDm&mm. 
(w) ±\zter*&&yt*x (pl) t, ^<Dmm. cw> 

5 ^tftS-frSSfc*^- z? (9, 10) t. -?r(D&B%:¥%: (PL) ©-e 
©1S (W) m<D?i¥m? (4) (W) 0DSIt<D 

mzmfz-r^oiz. m^m<Dmm (21 a) ^bTm^ftfc^oT 

m^O^ (7) ^Mt^tMISgl (5) -e<D^ffl(Di2W 

(21a) £#iz^(Dffifejjmiz^<Dmyt¥-i±<DmMMi$. u> 

10 frck^tcSEg^n^tHffl^gEW (2 3 a, 2 3 b) £;frLT^(Dg& 
(W) <Dmffifrt>"£(Dm& (7) ^!UiR-r^^#:lHmx^M (6) i^r^f 

15 (R) &mmis. ^<D~?7,2 (R) CD A' * - > £J£f^^ (PL) £ 
iMTf^T/H7ffl(7)M (W) idg^T ^ii^I^^^ z\(D 

m^txmiz^^xmm (w) ^m^^^(c^ox^«j$-ii-^^(-, 

&Bft¥% (PL) CD^-OS^ (W) (4) (Dftm^t^ 

<z>m& (w) o^MicD^^^^-Tct^tc, fost cw) (D&mijfa 
^%m\z^^>w,2 (D&mmytjjmt. mytt-Ax^z? (r) 

^hbb^L, (PL) ^^LTfOl7fet:-ATM (W) £ 

25 7cT«fc 5 (7) ^m-ttfh\Z. ^^S^O^lifj^l^tCJ^UT^ 

<E> f&tt £ »{E f ^ ft £ £ £ £ <D X$> 3 «, 



BNSDOCID: <WO 9949504A1J_> 



WO 99/49S04 



PCT/JP99/01262 



7 

(PL) <hg& (W) £<Dmfi iJ £V)ifcfc~'Cffifz£tL2>fz.ibs 

mfevmiftm \zm®.&itxz, m\zm&i%mizQm,*iz)t'<xmnm 
z>&o\z^t(Dmfc (7) saitct^isi/K untctox, foi 

15 ^-rolS (W) G)^»b^|fi]lwa«»oTi^i;i6l€^-t©ffifr 

(7) ^tftTd OIJL/^o 

(W) ^X^^y-T>F- U tT-h^^XttXT-^ 
^ • 7 > K • ^©M (W) £>X 

¥>t?j5fa\zm2ft'DT*r<Dmfc (7) SrgrT C t U 
20 ^©^f-Al^bT^CDTZi/ (R) t-?-©*^ (W) £ 

(7) &ffi~?Z\£tfB.£ls^o 
£fz. ^<Dm& (W) <D&W}&m\Zl&CX-%:<Dmft (7) CD^S^rl^ 
25 mui^lSLK 



BNSOOCID: <WQ. 



.9949S04A1J_> 



WO 99/49504 



PCT/JP99/01262 



8 

mm^m^m^x, 5Vw;*/^->£g;K (w> ±iz&w?z>j:m 

5 &mWL> #JB3fc** (PL) ^^ITfoet'-ATli (W) ± 

izmytrz&Bmytmwiz&^x. tommft^^t^romfatom* 
mtz-t <k v \zm& (7) zfa-rtthiz, -^(Dmfoo&mjjfaizmcx 
^<Dmw&mr^fa*mti£^&mfcw&mw. (5) &m?Ltzh<Dx& 

10 mfr&*mmcDm2<Di2immytmw\z&rL\t, ^mn<D j m2<D&%,m 

£x&-?xh. ^(D^m^mt^(Dm^t(Dmiz^<Dmi$.^mrzvx 

43 < Z\£&X£Z> 0 

£tz* fOi^k'-AWilTf©77^ (R) i^©Sft (W) £ 
15 & J ttL^timitf&W)-tZ>X7 L -i? • ->X^A (RST, 9-11) §5 
-?-<0$l£#0mg« (5) f<Z)Sio^i3t^, f©S« 

<n&mj5fa\z& &%!-Dx^r(Dm{$. (7) *«E-rj:t7&*a*u^. 
^/c, *<D&myt*£m (pl) itwsfi (w) i:©rat««&$nfc 

(7) ^iHliR-r^^IiliR^S (6) 
20 (5) (2 1a) t^-OttfrEUR^ 

fi (6) (DHJiRP (2 3 a, 2 3 b) £ \**<D*yt tf— A OMttMtt^ 



BNSDOCID: <WO 9949504A1_I_> 



WO 99/49504 



9 



PCT/JP99/01262 



LAOT»*. Mi^l5. Rr;*#iaJRM6»«*rjEiilH"C 
@6lt H5©S»^*PLAOU>X3 2©jfe**3 2 At 

7te> H5fl)a*3t^^PLA©l/>X3 2©ftJS»3 2At, Y^fa 

f€ 91 £ 3 * <£> £ & © ^ 

BUTT*. 7>H • U If- h 

PL^tT^SM^e (0tt0!l*.tf 1/4. 1/5*) 
m%% \ LtLTH Ar FI*«>7U-f3!t (ifcft 1 9 3 nm) , F 



WO 99/49504 PCT/JP99/01262 

10 

2 V-«?Jt mm 1 5 7 nm) 7 <D i $g 3 6 5 nm) 

mizwtf izxm&m^Tmwrzo 

lE^ttu— -tf^tt (^m^) tc<toxu r;i^-f a ic ttaii^n, c<d 
snxi^. z^t-v9 p Loymmtnntoizwtffcx 

YW-ffilzm-oT&Wl-fZX YXf- 1 0±^@^$n, XYXf-y 
1 0 te^ — X 1 1 ±£«£g£nT^£ 0 ZXr-y9H, >>XAWC!)7 
15 ^--^Xfeg (ZTJfttfMig) . &^M£4^£$WLT^XAWJi<£>gE 

L(D^ffi(C-^^-&3A^-> XYX7-ylO(i7IAWOXm &tfY 
Jj&KDi&m&SbZft? o Z7>f-y9 (-7XAW) (D 2 :&7t;l$&&g, 

20 ;i/*-T AKit$J$nT^&„ Cl^atfJJ^m^S^^T^Sd^m 1 4^e> 
r7X/NX^-v|gS!j^ 1 5 K^lf^M^n, Ctl(cS^^T^xy\ 
7f-yllll 5H, ZXx-y9, X Y^t- 1 0 (£>Kif££ frj^ 

25 • U k°- hT^^T^DM^n-So 



BNSOOCID: <WO 9949504A1_I_> 



WO 99/49504 



PCT/JP99/01262 



11 

l/>X4teg|iii3 0gTHMl«J& e«EH@^$nTV^o #0»J 

10 Xte> ^IAWtifcll^ i^M-T^Tt^^'f «:l/>Xt 

^PL^Tt^tt^ mmwm, ^^^mm) nmmzm^ 

z>yt^-?v-h iw-nw-mum) t^^Tfei^ m^tytomm 

D X h < < U 3 t. ^ "5 *>J,& h & 2> o 



BNSOOCID: <WO 9940SO4A1_L> 



WO 99/49504 



12 



PCT/JP99/01262 



-^LT> i&^2 5 0 nmgg©l^!:Mt^,|ifi7fc (*) Ojatfr^ 
nUBSl. 4tife5fc*, KrFl^y7l/-f3t©ifi2 4 8 nm 
te, ^iAWlTBl/n, IP^IU 1 7 7 n mK:$£&grt:$ tlT^^g 

20 5&#Hi/X;P2U, S^»»*»12: < & o fc 2 oo«x y XJI, 2 3 
a, 2 3b (H2#I) «<EISnT*0, iffiyX^2 1aTOf 
2 1^l/T«#ft|&8l5l:S!«sn, mxy X)V2 3 a, 2 3bfi 
lHliKW2 3 *^UTttfls:|5lJRSI«6 CSj«$tlT^5. HlC, 1 # 

<T>m\&JX)\,2 1 a, &tfSKAyX;U2 3 a, 2 3 b^llii 1 8 0° 0 



BNSOOCID: <WO 9949504A1_I_> 



WO 99/49504 



PCT/JP99/01262 



13 

0 2 11, mi <D&&yt¥%PLO\s>X 4<D9ct%ffi4 AS^IAW 

<Offi«H«**U, IOH2l:*V»T, 5fei«i»4AO + x*rti«K:»ta 
/ X J V2ia^ -X^lRlfflfcaEAy 7T;U2 3 a, 2 3bA^nfnE- 
5 istlT^*. »X/^2 3a, 2 3bttft*»4AOf(ft 

1 j*©#ffl/x;w2 i a, RtfoftAy x;u2 3 a, 2 3 b&s&i 8 0 

0 |U3£Lfcg2gTB'J<Z> l*fOS^m^XJV2 2 a, &tf*A/X^2-4 a, 

2 4b*«EtS.n, W\&SX)V2 2 al«f2 2 ^^L,Tl«g 
10 ft5Kl*«Sn, IA/XJV2 4a, 2 4 b ttlsUR* 2 4 ft^tTt# 

B3lt B 1 ©fiU^* P L O U >X 4 O jfe*» 4 A t , ^ 

©**85 4 as y »i^k*»'2 »©»ai y xjvtotti 

15 2 7 art^ -Y#ftWC^A/X;U2 9 a, 2 9 b.^n^nfilSn, 
#BjyX;V2 7 al«f2 7 6^bTl#«l&SI5l:tt«Sn. » 
A/X;W2 9 a, 2 9 btt@JR*2 9 £fr UT8M*lsJJKg« 6 fc&lftS 
nTV^„ l^ilUyXJP2 7a, R^A/X^2 9a, 2 

9btS«180 i EftLfcEIT»IO l*TcD^ffiyX;P2 8 a, TkX$ 

20 «x;^3 0a, 3 Obi&«E«an, #WyX;W2 8 att«»«2 8 
^lt«#«»8I5i:8«?tl, SKA/X;U3 0a, 3 0b»4HiR 

ft»f2 1, 2 2, 2 7, 2 8 ©'>ft<tfe-^HLTI/>X4fl)jfe 

25 S6telH|JRW2 3, 2 4, 2 9, 3 0 (D'Pte < £ t>-0 LX^rOm 



WO 99/49504 



PCT/JP99/01262 



5 7£#;&$-r3o fit, ^#lEliR^M6 HIiR < BP2 3s«a; x;u 
2 3 a, 2 3 b S:^bT^XAW±^ei#7 ^@iRt§, 

lAwt u>X4 t(Dm\zmfc 7 \z& r> &j£\zmfr-£tiz> B 
—jj. 2 ^mmx-^-r^w 2 6 a<dJj&\ c+x^ft) ic^xaw^x 
10 T-y^ws-frSKKte, ft«M£t5«Mf 22. s^iffiyx* 

Jl/2 2 a Ltl/>X4 A <h ^XAWt^MlCifcft: 7 £ 

^#I3iK^S6 «lHjJKt : 2 4R^A;XJP2 4 a, 2 4b£ 

B CD^fo] ( + X^ft) H^nT43D, ^XAW<hl/>X4 t<D|Wtt«t# 
XAW^ + X^|b1, Xli-X^fS]©^^b IC^Sj-r^^^^fe, OXA 

*m*ai^fc-&«f^^©i£T*l»<c:i^T#s. ^T, EGA (x> 
25 a>* h • ifn— • 7^-r*>h) H©77-f ^>ho«k^i:, 



BNSDOCID: <WO_ 



_9949504A1J_> 



WO 99/49504 



PCT/JP99/01262 



15 

gp-£. 1*1 3 IZ&^T^n-CTfi-f&iW 3 1 A(D^|^1 (-Y;£ft) K^X 
/N^X-r^y^Sj^it^)!^^^^ i^il&gf 5ttMf 2 7, SMii / 
X)V2 7 a^LTi#^«l, ^#:0iK^M 6 1*0 IR« 2 9M 

o A/x;w2 9a, 2 9 h^mmiyxmi^omu^ffti^. mmtu>x 

2 8, itil/X^2 8a, 0iR^3 OMIAyXJU 0 a, 3 0 b& 
m-SX-to-DTb, "jXAWt 1/>X4 ©5fejS»4 A 7 i:«fc 

El 4 ft, fi*3fc^?fcP L01/>X4 i-^XAWi:(Dr B ^^ 7 
fcSRtflHli&^H^^L, £(7)12 4 td&lAT, ^XAWte£ceP2 5 A<D 

25 (-x#ft) ic^iibT43D, ^ttiyx;b2 1 aiOil&^nfc^ 

#7te, £EP2 5B<D;Sft (-X^f^l) Kiffitl, IAyX^2 3a, 2 



BNSOOCID; <WO 8949504A1_I_> 



WO 99/49504 



PCT/JP99/01262 



16 

3 btCcfcOlsIiR^n^o l/>X4i^XAW«!:(DFIt:#St5^7(D 
i (m 3 /s) ^lElilxaVo (m 3 / s) ££«U<.U XYX 

vi, s.^*ihiir«v o &mmTz> 0 ±mw% i 4\zm&7 corns 

!Vi> S.I^[H]i|X«Vo^, JL^TiD^tU: D^^-T^o 
V i = V o =D • v • d ( 3 ) 

i:t\ il £^J;5K:DteU>X4<Z)5fc)ifiS&<BiS& (m) , vte 
XY7f-yl 0<D&mmm (m/s) , dte&i^^PLOfmSg 
gf£ (7-3r>^ • X?>X) (m) T&3o XY7j-y 1 0 £7. 

Tv7&m-?z>££(Dmmv\z. ^mwft 1 4 n^ofs^n^ 

&r)> DRI^dli^^A^$nT^^^:^, (3) 5Ucg^T*£# 7 
f^KjSgHtdte, -^JtL / T2mmggi:^$tl^, Z\ CD 

&?\zftmfcmd fem^tztb, m& 7 com^t^z^-r^m^m^^m 
15. R^flcisiiR^ifie^&^-rjEmBiTr&o, i©^4i:Mt5 



_9949504A1_I_> 



WO 99/49504 



PCT/JP99/01262 



17 

SBfrfdiWJ — ?3F^£ttLT^-ri2l 5 \Z&^T, &&?t^%:P L A(Dmn 3 

-x^ft cm+x#ft) \zmmv?&m-?z><nizmnvx, xyxt 

-yl O^lT^IAW^+X^ (Xti-X^I^]) -V 

^b. :OB6l:*^T, 1/>X3 2 <D5fc$M3 2 AO^ttY^lfilfc 
HIfi^*gJ&K:fcoT*3D, g^^PLA©l/>X3 2<Dftj&B3 2 
AZXj3fa\Z&tS&?\Z + XJ5fam\Z3m<Dfflmy X)V2 1 a-~2 1 c 
tfEKStU -X^IpHKHc: 2<@0)SitA/ X;U2 3 a, 2 3 b#IB«Sn 

^ux, mm;X)i2 u-21 ctt^f2.i^bt^Mi 

i5l:gH$n, oftA/X;U2 3a, 2 3 b «Ih1JK« 2 3 ITi* 
IhIIR^S6 l:i^$nt^5, ^itl^ X)V2 1 a~2 1 c £ffi.\ 

/X)l2 3a, 23bt$S^180' HI^U^SEglC, »fflyX;W2 
2a~22c £dftA/X;W2 4 a, 2 4 bt*iEIl/T^5. iffi/X 



_9949S04A1_I_> 



WO 99/49504 



PCT/JP99/01262 



18 

JV21a-21c tmxy X)V2 4 a, 2 4 b £ Y^f6](C^S(Cga^J 
£*U j*ffiyXJP2 2a-22c i:IA;X^2 3 a, 2 3btliY^ 

^MS&gt5IIii$n, flSEA7X>2 4a, 2 4 b te[§]J|5m 2 4 £: 

trT^&^T^T^^iKlte, $^^2 1, iffi;x>2 la-21c, 
0*1X^2 3, R«A7X^2 3 a , 2 3 b Ztiim LTMMgf 5 
&tfi##:[e1iK§£g6 l:<fcoTi#7 <7){ft^S:^lEli|X^tTV^ I/>X3 2 
<i:^x/\W<h(Dr B 1^^/ii-<i:^^-X^(^^^#7 ^-To 2* 

fT^^Kte. 2 2, X;P2 2 a~ 2 2 c , 

rots Ay x;i/2 4 a, 24 b ^^ffl iti# 7 <om^Rzsm^n 

Xtt-X^[^](D£^ e>(D^|S]^^7X/\W^^^t-^^^^t>, 1/>X3 
2 <D5fc«g& 3 2Ai^XAWt©rp^t#:7IIi01fct:i:)!)^f> 

*&, Wife 7 0^IV i (m 3 / s ) , %.tf®$Lmv o (m 3 / s ) 

Vi=Vo = Dsvv-d (4) 

Dsvttl^>X3 2©5fea»SB3 2 A©X^T|rJ©S$ (m) 
£nfc«koTj£lEfi3fc4'K::fe^T s feU>X3 2 £^7X/\W£©|ia£ 



_9949504A1J_> 



WO 99/49504 



PCT/JP99/01262 



19 

0 7te> S^Tt^mPL A(Dlx>X3 2 ©^^3 2 A <h Y^rftffl <D 

9 a, 2 9 b£<£/B 111^7 (D^RZfm^n ^ ^X/\£ 
jU2 8a, MA;x>3 0a, 3 0 b 7 (Dmti&J&tf 

mw&ft?* i#7 0ii&ivi (m 3 /s) , s.r^[Hiiixavo 

(m 3 /s) ta, J^TOiUcicfc Difc^T^. 
V i = V o = Dsx • v • d (5) 
^3LT> Dsxtel/>X3 2<7)^S&3 2 ACDY^ftOSS (m) 

3 2 <h^XAWi(DP^^^7 (Cck D^fcU^ctt^) d t^T#^>o 
ffi]H?^#:^^-r H £ \Z <£ D , "5lAWt«fl P "L<D9tmW>£<Dm 
ft&, ±|E<D||^(7)^H43^T^7 t UT^ffl^n^^^^tC 



9949504A1J_> 



WO 99/49504 



20 



PCT/JP99/01262 



**flS < 5fc£fc«t#Tft £ 7 y 3fc»^i£tei£#£&JB LT t> «fc Vi 0 Z\(Dy 
J; 3 0 &4>b;*:£< bT-€-©l6B£T?#*l® D /h£ < bT 

4s< c £#s*bn. i^$n§^^Ay x;uT-±TiHiiR-r 

ffi&<Z>£^fl6©J&JgTW:^x/\W (XY^f-ylO) (D^Kj 

#l6HC-abT^£&g«fe^. IP*,, i&#:7 ^g5t*r^[^«^(D^Ij!j^ 
ft£3£HbT^T& «fc < > #JA&£^XAW£ + X#ft£^ifrT5£:#ki, 

|RjK:i&oT$ft#7 £8fE-tt-tf«fcU. cntc^D^ Ts^-yf * 7>F • U tf 



9949S04A1 I > 



WO 99/49504 



PCT/JP99/01262 



m& £ ffi-?Jjfo*: Hill. &&9t¥& t^7JL/\t<D m L T 

10 i^CXY^f-y^i^MtS. 5 -)IAC 

i/f^jvxtiTx^^, mz-te&mtvyt^vK i«a«^si^*f 

$ etc, JIB 93ft £ LT<Z)DF B^SSttl'— tfX«7 y-T AU- 

^7 A (Er) (XliXJI/k^At-fyr^k^^ (Yb) (DMJj) ifi H 



BNSDOCID: <WO 09485O4A1J_> 



WO 99/49504 



PCT/JP99/01262 



22 

fcttmm&tVXIZ, 7 8 8 2 2 9^i:l^$tlT 

m) ^itbt, ih^ii (imi, i&f^fli®#) ^T^c<h^ 

uTXr^y (^W->>^I*§, 3j^>f^>^m A7^r-yl@$; 
0®. RtfgfcJS^tf, 1 9 9 8^3^26 B ttfeffi© B ^SftffrtlJBi 



WO 99/49504 



PCT/JP99/01262 



23 

B 1 0 - 7 9 2 6 3^0iTOliirt§«. ^tr>< D-e©££5UBbT 

^x?<D^?->m<DM&&m*Qf**\z&n%M&mm<D& 

\zW>^M&&X&?f-? Z> Z t^T#^.o ^x, ^miss^^-m 

(Dmu<D^t(Dm^mrz-r^ o ^(DmucD^m^mizm-DX^^ 
^<Dmm<D&mtor$n^<DWi&\z&iomfzztiT. mm&tf&mx^ 

z. t&x%z> t\,*? m&rf&z> o 
&\z, *mA<Dnixtew,2<D®&mytmw\z&nte, *%w<dwh 

is<D&mmmizfo£T : t<Dmfc(Di&m&. jslzs^m mm) *mm~? 
tmu(Dmmt(Dm\z^^^^<Dmi^<Dm^~^z^z\t^x^^ 0 



25 



BNSDOCID: <WO. 



9949504A1_L> 



WO 99/49504 



PCT/JP99/01262 



24 

$n $ <d m m 

Mo 

mzittcomi&mcDm^j&mtftmoi^z^nmzi so° e^l 



9949504A1 L> 



WO 99/49504 



25 



PCT/JP99/01262 



g«£>^® £<Dffl&ffitzt&? IZ. 1&1&m<D& i g$:ftlsXJ%feJ3&l\Zfo 

ffi©^iR^©^J8aRi:w«3S«©sffit<ora^«fc-r«t'5ti, miss 



.9949504A1_L> 



WO 99/49504 



PCT/JP99/01262 



26 

\zw.3z-tz>m2f&fttizfttfrzt%. mtzn i j&ftfimmmuv&mjj 
10 fotm^fant^teffifem^mzkTcD^^z tt£%£?\zmzm&$: 

mt^mm<D^^\^\zmt^^xm^^\zm^WLW^m-tz\^m 
15 1 3. ftjR&mmi 2w,m<D&&mytJj&x&^T. 

14. sit:£<Z>fSBl 2Xftl 3fem<D&i2^7 l 6#£T&oT, 

it, mmft^-AT-MtzmfaZTk^myt-tzttTbiz, mm^m 
yt*p. mzmm(D^&^fa\zmm^TMmmfc*ffi^z\t*&WL£^ 

25 mumfa(D&mmm\zmvTM%^®.fe<DWLm*mm-? z> z\t*&wi£ 



BNSOOCID: <WO 9949504A1_I_> 



WO 99/49504 



PCT/JP99/01262 



27 

1 6. mummrn 10-1 somnfr— mum.<oi&^m%i5^m^x , 

^ tr £ £ £ # tt £ "T 3 7 s a* >r X <D & 15 m o 

i7. M^ti-AT^x^^^ajb, &v9t***:it'i>Tttmnyt\*- 

h fj gfi & £ ft ¥ m <h Iff I B m « £ O m & ft fc T ck -5 M * % T £ fe . 

mt^mu(Dumi5\^\zf^cxmmm^^m-ri5m^^i\:^^^mwm^ 

■&mzmxtzz£&&wit?z&§£myti5mo 

is. itf&oifsiB 1 7mm<D&mmytmw.-c&^x. 

10 MSd^^cD^^5im*MfSS«©^ib^rni<Dm 1 J& ft £m&Wil5fa\Z 
7^fBg&<Z>^l^ft£i£:£ftT*&££#^ 

<h & * j: o \z mzm& * ffi t z £ & mm £ t z> mytmrn* 

2 i . nt^tsa n-20 <DMtifr-m$zm.<DisiMtmyt&w.x&-DX, 
mz®&ft¥%£mzmfa£<»m\zmife2ntzmfc*®w?zmfc® 

22. m^omm2 imm<D&&mytmw.x&^x> 



BNSOOCID: <WO e949504A1_l_> 



WO 99/49504 



PCT/JP99/01262 



28 



<WO 9949504A1J_> 



WO 99/49504 



PCT/JP99/01262 



1/4 




BNSDOClD: <WO 9949504A1_U 



WO 99/49504 



PCT/JP99/01262 




_9949504A1_I_> 




BNSOOCID: <WO 9948504A1_I_> 



WO 99/49504 



PCT/JP99/01262 




INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP99/01262 



A. CU\SSIFICAT10N OF SUBJECT MATTER 

Int. CI 6 H01L21/027, G03F7/20 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 6 H01L.21/027, G03F7/20 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1922-1996 Toroku Jitsuyo Shinan Koho 1994-1999 

Kokai Jitsuyo Shinan Koho 1971-1999 Jitsuyo Shinan Toroku Koho 1996-1999 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



JP, 57-153433, A ( Hitachi , Ltd. ) , 
22 September , 1982 (22. 09. 82), 

Page 2, upper right column, line 5 to lower left 
column, line 1 

& EP, 60729, A & CA, 1159160, A 
& US, 4480910, A & DE, 3272511, G 

jp f 62-65326, A ( Hitachi , Ltd. ) , 
24 March, 1987 (24. 03. 87), 

Page 3, upper left column, line 7 to lower left column, 
line 17 (Family: none) 

jp, 6-124873, A (Canon Inc.), 
6 May, 1994 (06. 05. 94), 

Page 4, right column, line 28 to page 5, right column, 
line 46 (Family: none) 



jp f 7-220990, A (Hitachi, Ltd. 
18 August, 1995 (18. 08. 95), 
Page 3, left column, line 50 to 
line 14 (Family: none) 



page 4, left column, 



Relevant to claim No. 



1-22 



1-22 



1-22 



1-22 



[x"| Further documents are listed in the continuation of Box C Q See patent family annex. 



Special categories of cited documents: 

document de fi nin g the general state of the an which is not 

considered to be of particular relevance 

earlier document but published on or after the international Cling date 
document which may throw doubts on priority daimfs) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other 



"A* 

-r 

■L" 



■p* document published prior to the international filing date but later than 
the priority date claimed 



m V later document published after the international filing date or priority 

date and not in conflict with the application but oiled to understand 

the principle or theory underlying the invention 
"X* document of particular relevance; the claimed invention cannot be 

considered novel or cannot be considered to involve an inventive step 

when the document is taken alone 
"Y" document of particular relevance: the claimed invention cannot be 

considered to involve an inventive step when the document is 

combined with one or more other such documents, such combination 

being obvious to a person skilled in the an 

document memb er of the same patent family 



Date of the actual completion of the international search 
7 June, 1999 (07. 06. 99) 



Date of mailing of the international search report 
15 June, 1999 (15. 06. 99) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Authorized officer 



Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1992) 



BNSDOCID: <WO G949S04A1 J_> 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/JP99/01262 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



P, A 



P, A 



JP, 10-255319, A (Hitachi Maxell, Ltd. ) , 
25 September, 1998 (25. 09. 98), 

Page 4, left column, line 11 to page 5, right column, 
line 36 (Family: none) 

JP, 10-303114, A (Nikon Corp.), 
13 November, 1998 (13. 11. 98), 

Page 3, right column, line 42 to page 7, right column, 
line 3 (Family: none) 

JP, 10-340846, A (Nikon Corp.), 
22 December, 1998 (22. 12. 98), 

Page 3, right column, line 32 to page 4, left column, 
line 44 (Family: none) 



1-22 



1-22 



1-22 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



BNSDOCID: <WO 9949504A1_I_> 



r 



hruubs* pct/j P99/0 1262 



i. ^cojb-t (m&ftvtftm (1 po ) 

Int. Cl e H01L21/O27, G03F7/20 



S@2£tTofc«/hffig** (BlM*flF5MI (I PC) ) 
Int. CI' H0U2 1/0 2 7, G03F7/20 



B*H^BB«»«f*^« 1 9 7 1 -1 9 9 9? 

n*m&&mmmm4:& 1994-1999? 
B*mnmmm%:®'£® 1996-1999? 



TP, 57-15343 3, A (tt*£tfc 0 AttflsBf ) 
2 2. 9£. 1 9 8 2 (2 2. 0 9. 8 2) 
ffl 2 K#-bf» 5 ft-&Tm 1 *T 

&EP, 60 7 2 9, A&CA, 1 1 5 9 1 6 0, A 
&US, 448 0 9 1 0, A&DE, 3 2 7 2 5 1 1, G 



1-2 2 



JP, 62-6532 6, A 
2 4. 3/3. 1 9 8 7 (2 4 

m 3 n&±m 7 ft-urm i 



. 0 3. 8 7) 
7tT 



1-22 



fEj H»ffl«B«9oaK*fctt«rBF-C*>*^, HRttWB 

B*L<tttt«>»9Jfta***iti-«fc*«lffli-* 

Xtt («6*»T> 



rxj mzmmofrzx&kx&^x* SKS:»co^t«w 
r yj ^icra3<D*>S5:Slt-cfeoT. l 

r& j psi — > h ^ r s y — 3t» 



0 7. 0 6. 9 9 



B3MS4MW? (ISA/JP) 
1 0 0 — 8 9 1 5 



2M 9 7 10 



03-3581—1101 rt» 3 2 7 4 



«^PCT/1SA/210 (8 2^-^ (1 9 9 8?7^) 



BNSDOCID: <WO 8949504A1_I_> 



SKSttJIS#§- PCT/JP99/01262 



mm-tz 



P, A 



P, A 



P, A 



J P, 6-124873, A (** / ^tt&gtfc) 
6. 5^. 1 9 9 4 (0 6. 0 5. 9 4) 
%4W*m2 8tT-^5M^ffii4 6tf 

JP, 7-220990, A ($*5t#*± B Sl^f^M) 
18. 8M. 1995 (18. 08. 9 5) 
m 3 M&M 5 0 ft-m 4 H&ffiB 1 4 ff 

JP, 10-255319, A (BSr^^-fe^^th) 
25. 9^. 1998 (2 5. 09. 9 8) 
SMHSEffiBl ltT-m5M^1S33 6fr 
(77 5 y— sfcL) 

JP, 10-303114, A (**^#tt=n V') 
13. 1U. 1 9 9 8 (1 3. 1 1. 9 8) 
m3M^ffll4 2ff-^7H*ffiB3tf 

JP, 10-340846, A (tfcst^tt^ =i V) 
22. 12J3. 1 9 9 8 (2 2. 1 2. 9 8) 



1-2 2 



1-2 2 



1-2 2 



1-2 2 



1-2 2 



«SPCT/ISA/2 10 (tga^-^oa*) (1 9 98^7^) 



_9949504A1J_> 



